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T h e  t e m p e r a t u r e  dependence of the  inh ib i t ion  of g r o w t h  
of a p r o t o z o a n  by ant ib io t ics*  
\Vhi le  s t u d y i n g  the cHeer ()t ant ib iot ics (>n ~4r()\vth ,)f I'r/!ahvIu~;la #v;//.~u~t<, -~r~in I': I, 
it  w a s  d e c i d e d  t o  e x t e n d  k ine t i~  e x p e r J n l e n t s  |(> de t , . ' rmi l /e  t h e  res l ) ,mse  n ,  \ H i l e d  in(ul>ati<m 
t e m p e r a t u r e s .  T h i s  a p p r o a c h  w a s  t n k e n  >;illce t\ \()  t)f t i le aut ihi{>t ics  used ,  ~hh) r tc t ra<x 'c l iH( '  
( . \ u r e o m y c i n ,  l . eder le )  an( l  u x v t e t r a e v c l i n e  ( T e r r a m y c i n ,  I>lizer), a r c  s l r l l ( ' l t l lH] lv  s imi! ;< ,  \vhih '  
t h e  t h i r d  d r u g ,  c h h ~ r a m p h e n i c o l  (('hhn-,mly 
t e t r a ,  1)arke,  I ) a v i s ) i s  d i i f e r (mt .  I t  w a s  h<>tw<l, 
t h e r e f o r e ,  t h a t  t h i s  t y p e  (,I i n v e s t i g a t i o n  
[ n i g h t  h e l p  to  dis~ r i m i n a t e  [>etxx t e n  t h e  m(Mes  
(if ~1( tJ()il o f  t h e s e  COllll~()Ull(ls. 
C u l t u r e  t e c h n k s ,  t h e l n i c a l l v  d e f i n e d  a n d  
s t o c k  i l ledia ,  sohl t i ( )n  p r e p a l - a t i ( m s  a n d  t h e  
t u r b J d i n l e t r i c  l l le t ] ]od c)l g r o w t h  l l leas[irel l lel l t  
w e r e  t h e  s a m e  as  t h o s e  p r e \ J ( ) u s ] y  repc)rted'- ' ,  
w i t h  t w o  e x c e p t i o n s :  (1) t h e  de f i ned  m e d i u m  
w a s  m()dif ied b v  the use (d the g r o w t h  faet(>r. 
t h i o c t i e  ac id** ,  in | ) lace  (d' p r , ) t o g e n  . \ ;  a n d  
(2) e x p e r i m e n t a l  c u l t u r e s  \ \ 'ere ~ro\vn  a t  t he  
a \ ' e r a g e  t( ' l l lperat l l re:~ (if _,S , 2 5 '  (('()l]tr()]], 
_,l a n d  J~) C, r e s p e c t i v c h ,  w i th  a v a r i a t % n  
(>f { 1. 5 C in e a c h  case .  
F ina l  a n t i l ) i o t i c  C()llC('lltr~ltit)llS {)t .{.1" 
IO 4 .11 C h l o r o m v c e t i l ~  (CM), 5 .8 .  uo 5 3/  
. \ u r e o m y c i n  ( . \M) a n d  J - 5 ' I o  4 . 1 1 T e r r a m y c i n  
(TM) w e r e  e m p l o y e d ,  1)ecausc t h e s e  COll('ell 
t r a t i o n s  w e r e  f o u n d  t() i n h i b i t  g r o w t h  r a t e  l)y 
5 ° °i, at the control  temperature  1,2. 
T h e  i n f l u e n c e  ()[" t e m p e r a t u r e  (in g r o w t h  
(if l ' eh 'ahymemz is i l l u s t r a t e d  in [gig. i .  T h e  
s lope ,  m, of t h e  g r o w t h  c u r v e  w a s  c a l c u l a t e d  
f r o m  t im l o r m u l a :  m I-°R</I l . o g d  2 
w h e r e  d = o p t i c a l  d e n s i t y ,  a n d  [ = t i l l le  ill 
days. I t  is obvious from this plot, tha t  as 
temperature  decreases (I)  growth rate (Mope) 
does likewise, (2) peak growth  increases and 
(3) logar i thmic growth  phase liecomes pro- 
h inged .  T h e s e  a r e  t h e  e x p e c t e d  efle<'ts in in-  
v e r t e b r a t e s  in g e n e r a l  l o w e r e d  t e l n p e r a t u r e s  
for  g r o w t h  u s u a l l y  r e s u l t  in d e c r e a s e d  n l e t a  
1)olic r a t e ,  i n c r e a s e d  l o n g e v i t y  and l a r g e r  
size o r  body w e i g h t .  
T h e  r e l a t i v e  e f fec t  of  t h e  n o r m a l l y  .5<:)° 
s u p p r e s s i x e  levels  (a t  "5  ('1 o t  t h e  a n i i -  
[) iot ics  is s h o w n  in r e l a t i o n  t() t e m p e r a t u r e  in 
l: ig.  - .  R e s u l t s  a r e  p l o t t e d  as  t h e  c a l c u l a t e d  
s lope ,  m, a g a i n s t  t h e  r e c i p r o c a l  of t h e  a b s o l u t e  
t e m p e r a t u r e ,  f .  Chief ly ,  t w o  r e s u l t s  a r e  l io te  
w o r t h y .  F i r s t l y ,  a s  t e m p e r a t u r e  is l o w e r e d ,  
t h e  a c t i v i t y  of e a c h  of t h e  d r u g s  is d e c r e a s e d  
un t i l  tit 10 C, g r o w t h  r a t e s  of c o n t r o l  al¿d 
a n t i b i o t i c - c o n t a i n i n g  c u l t u r e s  a r e  e s s e n t i a l l y  
e q u a l .  In t h i s  r e s p e c t ,  t h e  s a m e  ge l le ra ]  
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Fig.  2. I n t e r a c t i o n  c4 a n t i b i o t i c s  a n d  t e m p e r a t u r e  
(m g r o w t h  r a t e  of  Tetrahymena .  C : c o n t r o l :  
CM - -  C h l o r o m y c e t i n  : T M  := T e r r a m y ,  c in  : A M  : : 
A u r e o m y c i n :  T : a b s o l u t e  t e m p e r a t u r e .  
c o m p o u n d s ,  t,i: . ,  p o t e n c y  d e c r e a s e  w i t h  de ,c rease  in t e m p e r a t u r e ,  r e g a r d l e s s  of  t h e i r  r e s p e c t i v e  
c h e n ] i c a l  s t r u c t u r e s .  S e c o n d l y .  t h e r e  is a n  i n d i c a t i o n  f r o m  t i le  s h a p e s  of t h e  p l o t t e d  l ines,  t h a t  
* K r o m  a d i s s e r t a t i o n  s u b m i t t e d  in  p a r t i a l  f u l f i l h n e n t  of t h e  r e q u i r e m e n t s  l o r  t h e  d e g r e e  ol  
D o c t o r  of l ' h i l o s o p h y  in t h e  I : n i v e r s i t y  of  M i c h i g a n ,  I953 .  
* * T h i o c t i c  ac id ,  as  N a - D , L - 6 - t h i o c t a t e ,  w a s  s u p p l i e d  b y  l)r .  E. 1.. R.  STOKSTAD Ill l . e d e r l e  
I , a b o r a t o r i e s ,  [ ) ear l  R i \ e r ,  N . Y .  
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the two tetracyclines, AM and TM, react similarly, while CM, which is s tructural ly dissimilar, 
acts differently. I t  appears, therefore, tha t  a s tudy such as tha t  described is able to distinguish 
between compounds  with like and unlike modes of action. 
Following the analytical precedent set by JOHNSON e! al. a, these antibiotics appear  quali- 
tat ively to fall into the Type I I  class of inhibitors4, 5, i.e. their activity declines with decrease 
in temperature .  All observed Type I1 inhibitors are also known to be biochemically "noncom- 
peti t ive".  
Fur thermore ,  \VOOLLEY ~ has demonstrated,  tha t  in Escherichia coli, CM acts as a non- 
competi t ive inhibitor. The data  shown in this report, then, uphold \VOOLLEV'S contention and 
in addition indicate tha t  TM and AM function in the same manner.  Therefore, it is tentat ively 
concluded tha t  the general mechanism of action of the three antibiotics is the same in tha t  they 
are Type I I  inhibitors. However, their specific mechanisms or sites of action seem to be different, 
and appear  to depend upon their chemical structure.  
A more critical analysis of these results is untenable at this time. Such analysis mus t  await  
further  studies at intermediate temperatures  and varied antibiotic concentrations, as well as 
growth carried out in constant  temperature  chambers  or water  baths  of greater sensit ivity than  
those utilized in this investigation. 
My grat i tude is expressed to Dr. D. E. S. BROWN for suggesting this study, and to Dr. A, M. 
ELLIOTT under whose direction the investigation was performed. 
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A sensitive reaction on paper of 
ninhydrin with hydroxyproline and proline 
The sensitivity of the ninhydrin (triketo-hydrindene hydrate)  reaction with amino acids 
separated on two dimensional paper  chromatograms  has been described by PRATT AND AUCLAIR 1. 
The reagent  has a low sensitivity for both hydroxy-prol ine and proline due to the formation of 
a yellow pigment  which is difficult to differentiate from the white paper  background.  
A more sat isfactory quali tat ive test  was evolved using the following procedure. The filter 
paper  chromatograms,  after development with the solvent system of REDFIELD 2 and s teaming 
for ~o minutes  to remove adsorbed diethylamine, were dipped in a o.I % (w/v) solution of nin- 
hydrin in benzene containing o.i % (v/v) collidine. The papers  were then placed in dry s team 
for i minute  to produce magenta  spots from hydroxy-prol ine and proline, which exhibited an 
intense red fluorescence in u.v. light. The limit of detection by u.v. fluorescence was o.oo8/~g 
and o.o25 #g amino-ni trogen for hydroxy-prol ine and proline respectively. 
A p igment  of similar colour is known to occur as an intermediate in the hydroxy-prol ine 
ninhydr in  reaction a. This substance, subsequent ly  referred to as pigment  A, can be isolated from 
the aqueous reaction media by  extract ion with benzenO, and is non-fluorescent in u.v. light. 
I t  has an absorpt ion spect rum in the 35o to 750 mt* range identical with tha t  of the fluorescent 
p igment  (pigment B) as measured whilst adsorbed on the paper. This was achieved by placing 
paper  str ips carrying the p igment  in a glass cuvette containing benzene. Pigments  A and B both  
exhibit  an absorpt ion m a x i m u m  at 570 m/* and similar s t rong absorpt ion 26o 28o m#. Pigment  B 
was found to be inextractable from the paper  by  both  polar and non-polar  solvents except to  
a small extent  by  acetone. The lat ter  gave a magenta-coloured solution, non-fluorescent in u.v. 
light wi th  absorpt ion spect rum identical with tha t  of p igment  A in a ce tone - - ea ch  maximal  a t  
55o m/,. This suggests t ha t  B is formed by adsorption of A on the paper  and this is suppor ted 
by  the observat ion tha t  addition of A to the paper  produced a magenta  spot  which became 
fluorescent on s teaming for one minute. Moreover, both  A and 13 on prolonged heat ing yielded 
a yellow pigment  of identical absorpt ion spectra with tha t  published by MOORE AND STEIN ~. 
